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Introduction 
The heavy damage of economic importance which hit the  Swedish forestry 
by the root rot fungus Fomes annosus (FR.) CKE has given rise to important 
research in order to widen the knowledge of the pathogene. Up to  1951, howev- 
er, basic parts of the dissemination biology of the  fungus were so incon~pletely 
known tha t  the  efforts to resist the disease were limited to  some sil~icultural 
measures, for example a change of tree species a t  the  time of regeneration or 
strong sanitation cuttings. None of the  measures was a biological success or 
economically acceptable. With RISBETH'S (1951) theory on the dissemination 
of the disease by a spore invasion of fresh stump surfaces, an intenske period 
of research began in order to control F. annosrrs (YDE-ANDERSEY 1961, 
DRIVER 1963, PALUDAN 1963). The fresh stump surfaces were treated with 
chemicals such as creosote oil, urea, borax or sodium nitrite. The latter has 
been used extensively because i t  inhibits F. annosus selectively in a low con- 
centration and in addition i t  is tolerated by saprophytic wood decomposing 
fungi (GUNDERSEN 1967). In England this type of control has been increas- 
ingly replaced by a biological one. By  applying a spore suspension of Penio- 
phora gigantea (FR.) RIASSEE on the stump surface, F. annosus is conquered, 
and a faster decay of the  whole stump is attained by comparing treatment 
with chemicals (RISHBETH 1959 a, MEREDITH 1960). This biological control is, 
however, limited to  forest stands without any root rot established, which 
means for Swedish conditions first rotation Norway spruce or Scots pine on 
virgin soils. The total area of this type of soil for all cultivated species is per 
year less than 1 %, of the total productive forest land in Sweden (BARRING 
1967). 
With the  intense search for new antibiotics during the late 1940's an in- 
creasing interest in the  antagonistic phenomenon among microorganisms in 
forest soils followed. A considerable number of isolations and cultures have 
been made in order to  find some microorganisms which would be capable of 
both inhibiting the growth of F. annosus and persisting in forest soils (BJORK- 
MAN 1949, RENNERFELT 1949, NISSEN 1954-56 and MOLIN 1957). 
RENNERFELT (1949) investigated 7 different groups of fungi and bacteria 
regarding their antagonistic effect against F. annosus. An inhibition could be 
recognized by 1 phycomycete, 1 litter-decomposing fungus, 31 mould fungi 
and 15 species of bacteria out of a total of 118 species investigated. Of "non- 
moulds" Coniophora puteana (SCHURI.) KARST. and Clitocybe n ~ b u l a r i s  
(BATSCH) FR. caused zones of inhibition tha t  were less than 5 mm. 
BEYER & KLINGSTROX (1964) isolated and identified Scytal idium auran- 
t iacum K et B from heartwood of spruce strongly decayed by F. annosus. I t  
was evident from the C0,-measurements on blocks from the heartwood tha t  
the  root rot fungus had inhibited the  respiratory activity while Scytal idium 
was still respiring. 
Although a large number of bacteria, actinomycetes, fungi imperfecti and 
ascomycetes, antagonistic to F. annosus, have been studied fairly closely, 
very little is known about the effect of the  mycorrhiza-forming fungi on the 
root rot fungus. BJORKXAN (1956, p. 279) mentions tha t  the  formation of 
mycorrhiza probably protects the  host plant against attacks from pathogenic 
microorganisms. 
MOREAU & SCHAEFFER (1959) consider tha t  the rate of infection is connected 
with the  mycorrhiza formation on the spruce roots, which is unsatisfyingly 
developed in the  Jura  a t  other pH-value than 5.1-5.9. ORLOS & DOIVIIXIK 
1960) maintain tha t  the  violent attacks of F. annosus on former farm land 
depends on the absence of suitable preventive mycorrhiza fungi. Experimen- 
tal  documentation is, however, not stated. 
Based on these hypotheses a screening test was performed with the soil 
fungi included in the  collection of the Department of Forest Botany, autumn 
1963. Owing to  the  rapid enlargement of the  collection the results have only 
just become available, and a number of common Scandinavian mycorrhiza- 
forming fungi are investigated with regard to  antagonistic effect against 
F. annosus. The investigations made on the antagonism of mycorrhiza fungi 
against other microorganisms have touched the problem of F. annosus only 
in papers by RYPACEK (1963) and RIARX (1967) and without any intention of 
studying this rot fungus in particular. The investigation reported below was 
performed as a screening test with the mycorrhiza-forming fungi in the  collec- 
tion of the  Department of Forest Botany paying attention only to  their effect 
against F. annosus. 
Material and methods 
Petri dishes of plastic with malt extract agar = MA (2.5 % malt extract 
1.5% agar in t ap  water) were inoculated a t  the  edge of the  dish with inocula 
5 x5 mm in size from the actual mycorrhiza-forming fungus from a slant 
MA-culture. At  the  opposite edge F. annosus, No. Sa 1, was inoculated. In 
a. The root rot fungus strongly inhibited 
c. Invasion d. Inverted invasion. 
Fig. 1. Some types of influence between mycorrhiza fungi and F. annosus. 
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Fig. 2. Different types of influence and antagonism concerning 85 isolates of soil fungi 
and F. annosus. 
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the main the inoculations took place simultaneously, but some very slow 
growing mycorrhiza fungi got an advantage of 3 to  10 days. The final cal- 
culations were made when an equilibrium of growth was reached. The growth 
was determined in mm radius, as was also the zone of inhibition. This was 
described as a clear zone without any mycelium. The attempt to  describe the 
inhibiting effects, that  is used below, concentrates on how F. annosus is 
affected by the mycorrhiza-forming fungi. In the first column of figure 2 
titled "Inhibition zone", the uninvaded bright zone is calculated in mm. 
I t  is always the permanent final situation between the two microorganisms 
that  is noted. In column 2, called "Nonaggression", i t  is assumed that  both 
fungi grew unarrested till they met border to  border. At this confrontation 
further growth ceased reciprocally. The third column was titled "Invasion". 
In a few cases it  happened that  the mycorrhiza fungus was not arrested by 
F, annosus but grew up t o  and invaded it. F. annosus seemed to stagnate and 
gradually also the  mycorrhiza fungus finished further progress. The last type 
of effect recognized in this material is called "Inverted invasion" considering 
the situation when F. annosus was capable of growing over the mycorrhiza 
fungus before it was arrested. The mycorrhiza fungus stopped growing a t  a 
pronounced earlier time. 
The four types of affection, described above, are demonstrated in figure 1. 
The calculations made are collected in figure 2 together with an outline for 
every number. 
Results 
There are two facts worthy of attention. First the  widespread ability among 
the mycorrhiza fungi to arrest the development of F. annosus. Out of 85 iso- 
lates screened 32, or 40 % left a more or less broad zone between themselves 
and the rot fungus. Secondly there was a variation in the effect against 
F. annosus, tha t  was great both inside the genus and the species. Considering 
this variable antagonism against F. annosus, comparable material is lacking 
in Iiterature. 
A comparison between the genus with three or more species represented 
indicates tha t  no isolate of Psalliota and Lactarius had an antibiotic effect 
against F. annosus, but  tha t  in the genus Clitocybe all species exerted antag- 
onism against the  root rot fungus. Within Boletzrs which is frequently rep- 
resented in this material, 16 isolates out of a total of 37 had an influence on 
F. annosus. 
B y  comparing the species a considerable variation is obtainable regarding 
the antagonism. All the  5 isolates of Boletus variegatus are capable of arresting 
F. annosus. The inhibition zone varies from 3 to  24 mm of width, while none 
of the  6 isolates of Boletus luteus L. is able to  arrest the  rot fungus. This "all 
or nothing" is adequate for the  few isolates of Amanita rubescens FR., Tricho- 
loma imbricatum FR. and Cenococcum graniforme (Sow.) FERD. et WINGE of 
which none influence the growth of F. annosus. The opposite conditions are 
valid for Clitocybe nebularis, C. aurantiaca (FR.  ex WULF.) STUDER and 
Tricholoma nudrrm (BULL.) FR. i.e. all isolates arrest F. annosus. hIore fre- 
quently, however, there are both antagonists and nonantagonists to the root 
rot fungus within a species as a rule. As examples Boletus bouinus L., B. edulis 
L., B .  granulatus (L). FR., B. s~rbtornentosus (L.) FR. and isolates of Monotropn 
hypopitys L, could be mentioned. In B. bovinus two isolates exert inhibition 
zones of 32 and 1 mm broadness whilst three isolates are ineffective. Three 
isolates of B. edulis arrest F. annosus with zones 12, 8 and 2 mm broad 
respectively, whilst two of them lack the inhibiting effect. In the same way 
two isolates of Jf. hypopi tys  cause bright zones of 43 and 10 mm, whilst 
three of them occupy F. annosus and finally two stop their growth on contact 
with the latter. 
The zones of inhibition appearing vary in width from 1 to  43 mm. The 
majority of antagonism, measurable in this way against F. annosus may be 
denoted as weak and within the  class 0 to 5 mm clear zone, 64% of the  whole 
material will fall. An inhibition of 6 to  10 mm is performed by 12% of the  
fungi and a stronger one with clear zones from 11 to 20 mm is exerted by 
15%. Of greatest interest are the strong inhibitors, Boletus uariegatus, 24 mm, 
B. bouinus, 32 mm and the isolate of 114. hypopi tys  43 mm. The first men- 
tioned belongs to the species, all isolates of which caused inhibition of F. 
annosus with the following values 24,20, 12, 11 and 3 mm. Comparable values 
for B. bouinus are 32, and 1 mm. Three isolates lack inhibitory properties. 
The isolates from M. hypopi tys  are described earlier. Amongst them the strong- 
est inhibition was calculated for D 37 which left a zone of 43 mm free from 
mycelia. 
I t  may be reported here tha t  a comparison was made concerning the an- 
tagonism against F. annosus and the age of the  mycorrhiza fungus. No appar- 
ent correlation could be established and the most effective antagonist be- 
longed to  the  oldest isolates of the  collection. 
The experiences from the plate tests with F. annosus and some mycorrhiza 
fungi were supplemented by an experiment in order to characterize the  
diffusing antagonistic substances. The experiment was arranged so tha t  from 
the edge of an arrested culture of F. annosus recultivations were made to 
fresh MA-plates. After a short time of adaptation F. annosus started growing 
and developed normally with all samples tested. This indicates tha t  the  an- 
tagonistic substances are of a fungistatic type, i.e. they inhibit the  further 
growth of the  treated organism, in contrast to the  fungicides, which strongly 
change or kill the  organism exposed. 
In all screening experiments made with about 80 mycorrhizal and soil 
fungi reported above, a single F. annosus isolated from Norway spruce and 
denoted Sa 1, has been used. In order to  widen the knowledge of how different 
isolates of the  root rot fungus behave when exposed t o  the antagonism 
caused by some mycorrhiza-forming fungi, the  very active D 37, C 14 
and C 258 (Fig. 2) were selected. The screening was modified for practical 
purposes so tha t  on every MA-plate the mycorrhiza fungus was inoculated 
in the centre of the  dish, and a t  the  edges, and contrary to  each other 
two different isolates of F. annosus were inoculated. The isolates are 
~nostly fresh, collected in stands and field trials with spruce in Sweden and 
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Finland during 1961-1967. They are cultivated in 22°C in darkness, and 
harvested after 20 days. The calculations made on the inhibition probably 
were influenced by this way of processing; thus the inhibition zone against 
Sa 1 was strongly reduced, compared with the  earlier reported method. This 
was a general rule for the three mycorrhiza fungi selected. The contemporary 
inoculation of a relatively rapid growing rot fungus and a slow growing 
mycorrhiza fungus may also have been responsible for a lag phase appearing 
in both growth and toxin diffusion for the latter. 
I t  is evident from figure 3 tha t  the  antagonism, caused by some mycor- 
rhiza fungi and earlier manifested with the isolate Sa 1 of F. annosus ,  is of a 
general type. A single exception has been observed in this material including 
85 isolates. No. Ek  IS: 99 is arrested by D 37, isolated from iV. h y p o p i f y s ,  
only "edge to  edge" but contrary to the isolate from 3'. hypopi tys ,  this isolate of 
the root rot fungus was markedly inhibited-10 mm-by C 14. In the  Finnish 
material of F. annosus  there are two isolates with opposite conditions, i.e. 
C 14 exerts no inhibition, but D 37 does. 
The variation within the  local isolates is obvious. In the  material from Ro- 
skar near Stockholm, the  least influence tha t  an isolate tolerated was a 
presence of C 14 and C 258 on 6 rnm distance and of D 37 on 2 mm. The 
corresponding values of a sensitive isolate count 15, 14 and 9 mm respectively. 
The three mycorrhiza-forming fungi selected, influence the isolates of the  
root rot fungus quite differently, as is demonstrated in the frequency curves 
of figure 3 including material from Sweden (Roskar) and Finland. 
In the Swedish material (Roskar), C 258 acted as the strongest antagonist 
while the  differences between C 14 and D 37 were rather slight. In the  Finnish 
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Fig. 3. The variation of isolates of F. annosus from a Swedish and some Finnish stands 
regarding the sensitivity to some antagonistic mycorrhiza fungi. 
material where a comparison of the activity between C 14 and D 37 is per- 
formed more pronounced differences are, on the contrary, recognized regard- 
ing antagonism against F. annosus. 
The experiments reported were all obtained on solid media. In order to 
widen the knowledge of the  antagonism a final experiment was performed in 
nutrient solution. I t  was arranged as a culture of D 37 and C 14 in a SHIVE 
solution in darkness a t  a temperature of 20°C. After 5, 10, 20 and 31 days 
respectively the experiment was interrupted and the mycelium of 4 flasks 
was calculated as dry weight. The sterile filtered nutrient solution was again 
inoculated, this time with F. annosus and grown under the  conditions above. 
After a further 20 days the  experiment was finished and the mycelial 
weights of F. annosus determined. 
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Fig. 4. Growth of E. unnosus in nutrient solutions pre-cultivated with antagonistic 
mycorrhiza fungi, and of controls. 
In figure 4 the  dry weights of 8'. annosus, after growth in solrttions precul- 
tivated with mycorrhiza fungi are dotted, as well as in the  controls. I t  is 
observed tha t  also in this medium some toxic substances is exuded into the 
nutrient solution. This has a depressive influence on F. annosus, and is faster 
acting and gives a stronger final inhibition with D 37 than with the  other 
mycorrhiza fungi investigated. 
However only the concentration of glucose of the  nutrient solutions was 
controlled and found satisfactorily high during the experiment time. In 
addition to  the  inhibiting effects of the  antagonistic fungi there could be a 
lack of mineral nutrients in cultures with rapid developing fungi affecting the 
growth of F. annosus. 
The inhibiting effect which a.0. D 37 exerted against F. annosus a t  a con- 
temporary inoculation of both fungi, could be calculated as an unoccupied 
bright zone. This clear zone once established, remained intact during the 
whole observation time, which sometimes was synonymous with a drying 
out of the substratum. However, very little was known of the importance of 
a successive inoculation on the intensity of antagonism, i.e. the  quantitative 
aspect of the  phenomenon. I t  was evident, as reported, tha t  the inhibition 
became total and there was reason to assume tha t  a reciprocal and equal in- 
fluence was established, i.e. tha t  also F. annosus had exuded substances of a 
toxic kind into the  agar. Such substances acting on a general biological scale 
are reported by PERSSON (1957) and BASSETT et al. (1967) by growing F. 
Fig. 5. The influence of the time factor on the antagonism. 
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annosus in nutrient solutions. On the other hand, the  arrested growth of the  
mycorrhiza fungus could be a result of tha t  "staling" effect as already Du- 
CLAUX 1898 (WAIISMAY 1947, p. 46) observed, i.e. in a precultivated nutrient 
solution, a reinoculation of the same species ceased. Such iso-antagonism also 
could be suspected as causing the cease in growth of ageing D 37 on MA-agar, 
though the space was abundant and the nutrient status seemed sufficient. 
To get an opinion of such a relative antagonism between F. annosus and D. 
37, the  two fungi were inoculated on XIA-plates a t  different intervals. Thus 
F. annosus got an advantage of 4 and 8 days respectively before D 37 was in- 
oculated a t  the  edge of the  Petri dish. In the  next step the two fungi were 
inoculated simultaneously, and thereafter D 37 got an advantage of 8, 16 and 
32 days respectively. Plates with single cultures of D 37 and F .  annosus served 
as controls. As a quantitative measure of the inhibition, the unoccupied area 
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Fig. 6. Growth curve of D 37 and the quantitative inhibition of F. annosus a t  successive 
inoculations on malt extract agar. 
between the two fungi was calculated. With this method a numerical checking 
of the toxin concentration, exceeding the treshold value for inhibiting F. 
annosus, is obtained. Nothing is yet known of its true value. 
From figure 6 a linear correlation seems to exist between the time factor 
and the strength of inhibition within the interval chosen. A further advantage 
of D 37 would, however, change the curve towards the limiting values, i.e. 
the total area of the Petri dish minus the area of D 37. The growth curve of 
D 37 and the toxin curve are similar in the first phases. With an advantage 
in time to D 37 the growth curve, however, soon changes from the exponen- 
tial to  the autolytic phase. Instead of an occupied area of expected 900 mm2 
a t  32 days with linear growth, the observed area was about 450 mm2. Despite 
the differences in the rate of the curves discussed above, there exists a posi- 
tive correlation between growth of D 37 and toxin production. 
The question whether F. annosus under present conditions is able to  in- 
fluence the mycorrhiza fungus is open to doubt. In those Petri dishes where 
D 37 was grown singly for 32+12 days, the mycelial areas never exceeded 
those of D 37 where F. annosus and D 37 grew together. 
To summarize, i t  is evident that  the observed influence of D 37 on F. 
annosus is a biased antagonism against the root rot fungus, but also of an iso- 
antagonistic character regarding the mycorrhiza fungus itself, 
Discussion 
There are few principles reported in estimating the antagonism among 
fungi, in contrast to  those of the research of medical antibiotics. No such 
urgent needs have existed in phytopathology or soil microbiology to measure 
comparable quantities of biologically active substances as in the antibiotic 
therapy. Usually it  has been sufficient to demonstrate whether an antago- 
nism has developed or not. Besides, there are several investigations where the 
antagonism is noted as a side effect or a curiosity in the attempts to  isolate 
and cultivate microorganisms. WAKSXAN (1947) mentions a couple of differ- 
ent methods in order to  assign qualitatively antagonistic phenomena on solid 
and semisolid substrata but does not take into account the quantitative as- 
pect. REXNERFELT (1949) investigating the inhibiting effect of a great many 
fungi and bacteria on F. annosus divided the antagonism into four groups 
regarding the intensity of inhibition. 
1) "The two fungi growing against each other without inhibition". 
2 a) "The other fungus overgrows". 
2 b) "The other fungus is inhibited". 
3) "F. annosus overgrows". 
4 a) "F. annosus inhibited < 5 mm". 
4 b) "F. annosus inhibited > 5 mm". 
The protective properties of mycorrhiza fungi is discussed by ZAK (1964, 
p. 384) based on the screening of the effect of some Boletus on a root patho- 
gene, such as Phyfophfhora cinnamomi RANDS (BRYAN 1960). RYPLCEK 
(1963) was studying the inhibition between some wood destroying fungi and 
Boletus uariegatus (Sw.) FR. The author declares that  an inhibition zone of 1 
mm could be ascertained between this fungus and F. annosus in an agar disc 
test. The purpose of the investigation was, however, not to  look for a biolog- 
ical control of the root rot fungus. The very attractive theory of inoculating 
the seedling with a fit  symbiotic microorganism antagonistic to  F. annosus, 
was generally expressed by ZAK (1964). MARX (1967) reports the effect of 
five ectotrophic mycorrhiza-forming fungi on ten root pathogenic fungi, a.0. 
F. annosus. Only one mycorrhiza fungus, Leucopaxillus cerealis var. piceina 
(LASH) SING. had a weak inhibiting activity against the root rot fungus. 
With the investigations of RIARX (1967) and SASEK (1967) concerning the 
protective effect of Leucopaxillus cerealis var. piceina on P. cinnamomi and 
a.0. Tricholoma saponaceum (FR.) KUMM. on some damping off fungi, i t  was 
for the first time experimentally checked that  a mycorrhizal symbiosis 
established with a complete mantle and tlie Hartig net eliminated damping 
off on seedlings of two species of pine. NAKX (1967) also could demonstrate 
the presence of the antibiotic diatretyne nitrile in L. cerealis var. piceina 
grown in some substrata including root extracts, humus extracts and peat. 
The arsenal of microorganisms for biological control of Fomes annosus, 
was in principle widened with the introduction of some active mycorrhiza- 
forming fungi. In the present study some strongly antagonistic species were 
discovered using the cross plate technique. The toxic property seems to  be of a 
general nature regarding F. annosrrs. Out of 85 isolates of the root rot fungus, 
none was unaffected by exposure to  the three most active rnycorrhiza fungi. 
Another new observation was the variation within the  species and between 
the species. Thus, no Boletus lnteus isolate inhibited the growth of F. annosus 
on the  one side, on the  other side all isolates of B. uariegatus caused inhibi- 
tion. Between these two extremes the other species and isolates mere grouped. 
Finally there were no remarkable differences in activity against F. annosus 
between the  true mycorrhiza-forming fungi and the rest of the soil fungi 
investigated. 
Summary 
85 isolates of soil fungi, part  of which may be characterized as rnycorrhiza 
fungi, were included in a scr-ening test against the root rot fungus Fomes 
annosrrs. I t  was arrested by 40°/, of the number and an unoccupied, bright and 
measurable zone then divided tlie t n  o microorganisms. Some different types 
of influence were observed and interpreted. A nide antagonistic spectrum 
was demonstrated both within and between the  species. One isolate of the 
mycorrhiza fungus Boletus bouinus, one of B. uariegafus and one from roots 
of Monofropa hypopitys inhibited F ,  annosus most strongly. The inhibition 
established was of a fungistatic type. 
In order t o  widen the knowledge of the  variation in sensitivity of F. annosus, 
85 isolates mainly from field trials in Norway spruce were selected and 
screened to  three strongly active mycorrhiza-forming fungi. As a rule all root 
rot  isolates were highly sensitive t o  all three antagonists. Only three excep- 
tions mere obtained. 
The same kind of pronounced sensibility against toxins produced was 
demonstrated, when F. annosus was grown in nutrient solutions precultivated 
with some active mycorrhiza fungi. Finally the  importance of inoculation 
time on the antagonism was studied on solid media. A strong correlation 
exists between the  time advantage and the  toxic level obtained. 
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Sammanfattning 
Antagonistiska effekter mot Fomes annosus (Fr.) Cke hos nigra 
marksvampar i laboratorieforsok. 
85 isolat av marksvampar, av vilka flertalet kan betecknas som mykor- 
rhizasvampar, undersoktes p i  sin formiga at t  piverka F. annosus i testfor- 
farande pB fast narsubstrat. 40 % av dem kunde hejda rotrotesvampen och 
lamnade en matbar, oinvaderad zon av vaxlande bredd mellan de bida mikro- 
organismerna. Nigra olika typer av pgverkan kunde iakttagas och beskrivas. 
Stor variation i antagonistisk effekt pivisades sgval inom arten som mellan 
arterna. E t t  isolat av mykorrhizasvampen Boletus bouinus, ett av B .  variegatus 
och ett frin rotter f r in  Monotropa hypop i fys  hammade kraftigast F. annosus. 
Den hamning som uppstod var av fungistatisk typ. 
For at t  vidga kannedomen hur F. annosus piverkas utvaldes 85 isolat, 
huvudsakligen frin granprovytor i Sverige, och testades mot de tre mest aktiva 
mykorrhizasvamparna. I intet fall forel5g nigon generell tolerans mot de tre 
provade antagonisterna. I stallet visade F. annosus en genomgiende hog kans- 
lighet mot dessa. 
Samma hoga kanslighet mot toxiska substanser erholls nar F. annosus 
odlades i narlosningar som tidigare hyst de ovan namnda mykorrhizasvampar- 
na. 
Slutligen undersoktes betydelsen av tidpunkten for den successiva inoku- 
leringen av de antagonistiska organismerna p i  fasta substrat. E t t  lineart sam- 
band mellan forspring i tid och toxisk niv& synes foreligga. 
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